generate species A described in Chart 1. 4a Since this remarkable discovery, it has been shown that FLPs can convert CO2 into methanol in low yields. 4b-d Recently, Lammertsma and Uhl reported that ambiphilic phosphine-aluminum FLPs can also generate cyclic CO2 adducts similar to what was observed with the 20 borane analogues (Chart 1B). Chart 1 Our group is involved in the study of phosphine-aluminum ambiphilic molecules of formula R2PCH2AlR'2 (R, R' = alkyl, 25 aryl), first developed by Karsh, 5 as ligands in coordination chemistry. 6 These ambiphilic molecules show a wide range of unusual reactivity even though they form stable Lewis adducts both in solution and in the solid state. 7 We were curious to investigate their reactivity with CO2 since both donating 30 phosphines 8 and aluminum reagents 9 could possibly interact with it and the "frustrated" character of a Lewis pair, although essential in many elegant transformations, 3, 10 was thought not to be essential for CO2 activation. 11 In this regard, we would like to report our findings on the reactivity of two ambiphilic molecules, 35 (Me2PCH2AlMe2)2 (1-Me) and (Ph2PCH2AlMe2)2 (1-Ph), with carbon dioxide.
The addition of carbon dioxide (1 atm) to a 0.15 M solution of (Me2PCH2AlMe2) The diphenylphosphine analogue of 1-Me, (Ph2PCH2AlMe2)2 (1-Ph), was synthesised by transmetallation of ClAlMe2 with LiCH2PPh2 (see SI for complete characterization). Resolution of its crystal structure as well as NMR spectroscopy confirms that 1-Ph is dimeric both in the solid state and in solution. Compound 1-
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Ph reacts with carbon dioxide in a benzene-d6 solution to afford adduct 2-Ph after 10 minutes, the soluble diphenylphosphine analogue of 2-Me, which has a low field 31 P chemical shift (δ 13.5) compared to 1-Ph (δ -15.0). Using variable temperature NMR spectroscopy in toluene-d8, we were able to observe that formation 75 of 2-Ph does not occur rapidly at -50 °C, but can be isolated as the only reaction product in solution at -40 °C within a few minutes. The high field doublet for the methylene group at δ 0.76 ( 2 JH-P = 14.8 Hz) indicates that the dimeric structure of 2-Ph is broken but that the P-CH2 remains intact. Species 13 C-2-Ph 80 obtained by the reaction of 1-Ph with 13 CO2 exhibits a doublet in the 13 C{ 1 H} NMR spectrum at δ 165.6 ppm ( 1 JC-P = 110 Hz), as
well as in the 31 P{ 1 H} NMR spectrum at δ 17.9 ppm, confirming its structural similarity with 2-Me.
The similarity of the spectroscopic features of A and B (δ 160. is quite surprising, however, that insertion occurs with 2-Me whereas it was not observed with B (Chart 1). One can assume that the sp 3 -methylene in the former complex is more nucleophilic and better oriented towards the electrophilic carbon of CO2 than the sp 2 -carbon in the latter species. The latter argument is supported 45 by the absence on insertion in the Al-Me bond of the ambiphilic molecule. Previous studies have shown that alkylaluminum carboxylates preferentially adopt a bidentate bridging dimeric structure, (Chart 1, C) even with sterically encumbered functionalities such as 50 triphenylbenzoate, 12 rather than a monomeric chelate 13 (D) or a monodentate aluminum carboxylate 14 (E). A five-membered ring formed by coordination of the phosphine to the aluminum center (F), as was previously observed for a glycinatodimethylgallium species, 15 is not probable since with that coordination mode, one 55 would expect the Al-Me resonance to exhibit 3 JH-P coupling, or at least to occur as a broad resonance, which is not the case. Structures C, D and F for both the dimethyl-and diphenylphosphine moieties were optimized by density functional theory calculations and thermal free energies were calculated for 60 all species. Attempts to localise a minimum on the potential energy surface for the monodendate carboxylate complexes were unsuccessful and always resulted in structure (D). For both 3-Me and 3-Ph the dimeric structure (C) is energetically favoured with regards to the monomeric chelating structure (D) and the P-Al 65 Lewis adduct (F) by over 15 kcal.mol -1 (see Table S2 , SI). Addition of less than one equivalent of CO2 to dimeric 1-Me affords species 4-Me in approximately 50% yield after 18 hours, accompanied by species 3-Me (Scheme 2). 4-Me displays a 31 P NMR resonance at δ 37. 5 in the 13 C{ 1 H} NMR spectrum, a spectral region typical for acetal moieties, thus confirming that 4-Me results from the activation of CO2 by two ambiphilic fragments. The structure minimized by DFT ( Figure S20 ) and the DFT-GIAO 31 P NMR chemical shift (31.5 ppm; Table S2 ) calculated support the proposed connectivity.
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In no case do we observe the same reactivity with the phenyl analogue, suggesting that steric hindrance from the phenyl group prevents the coordination of two phosphines. To exclude the possibility that the chemistry observed is 90 initiated by a small fraction of free Lewis acids and bases in solution unobservable by NMR spectroscopy, the reaction of 1-Me with CO2 was also carried out at the solid state. The ground powder was exposed to an atmosphere of carbon dioxide for a period of 24 hours. MAS 31 P{ 1 H} solid-state NMR spectroscopy of the powder 95 (ESI; Figure S15 ) reveals the characteristic resonances for 1-Me (δ -39.2), 2-Me (δ 21.7), and 3-Me (δ -45.5). ‡ However, the major species observed are at δ -51.6, reminiscent of compounds of the type L•R2AlCH2PMe2, where the aluminum is bound to a Lewis base (L), 5 and at δ 37.5, (4-Me). The IR spectrum of the powder 100 shows CO stretching frequencies that can be attributed to the same products observed in the solid-state NMR spectrum, indicating that activation of CO2 is definitely taking place (ESI; Figures S16-S18 ). According to DFT calculations, adducts 2-Me and 2-Ph are favoured by 1.6 and 4.5 kcal.mol -1 , respectively, with regards to 105 the starting materials. Insertion of carbon dioxide in aluminumcarbon bonds has been reported; 9c however, the insertion of CO2 from a Lewis acid/Lewis base bifunctional adduct is unprecedented. Transition states for the insertion reaction have been located on the potential energy surface (Figure 1 barrier between 2 and TS2 is too high for such insertion to take place at room temperature. Similar energies were observed for 2-Ph (see Figure 1 ). 
Conclusions
The presence of bulky groups on the Lewis pair does not seem to be the only requirement for CO2 activation. The nature of the 15 ambiphilic ligands, that can reduce entropy loss compared to bimolecular systems, and highly oxophilic Lewis acids are also important factors in CO2 chemistry. In addition to adduct formation, species 2 undergoes further reaction to generate carboxylate species. Also of particular interest is the formation of 20 4-Me from 1-Me and CO2 which is to our knowledge a unique result in CO2 chemistry. We are currently looking at ways to circumvent the insertion of CO2 into the ambiphilic ligand framework in order to generate active species for catalytic transformations. Médecine, Québec, Qc, Canada. Fax: (+) ((1-418-656-7916) ); Tel: (+) ((1-418-656-5140) 
